Objective: To find a new natural source of antioxidant, the phenolic contents and antioxidant activities of some secondary metabolites extracted from roots of Ziziphus lotus were evaluated. Methods: The total polyphenol contents were determined spectrophotometrically. Pyrrocatechol, catechin and cyanidin equivalents were used for these parameters. The antioxidant activities of the extracts were determined by several in vitro systems of assays, namely DPPH radical scavenging activity method, b-Carotene Bleaching assay (BCB), Ferric Reducing Antioxidant Power assay (FRAP) and Total Antioxidant capacity test (TAC). Results: The quantitative estimation showed that the roots of Z. lotus were rich in polyphenols (20.09 mg PE/g DW) and proanthocyannidins (1.56%) and they contained a small amount of flavonoids (0.02 mg CE/g DW). The most fractions exhibited high antioxidant activities, and some even showed higher potency than the standard synthetic antioxidants in some instances. In DPPH assay, all extracts had shown significant inhibition (58.535 -94.730% at 1 mg/mL). In addition, the IC 50 values ranged from 0.211 to 0.816 mg/mL, compared to 0.110, 0.214, 0.214 and 0.413 mg/mL for gallic acid, tannic acid, butylated-hydroxyanisol and ascorbic acid respectively. In (BCB) assay, the extracts showed strong inhibition (55.55 -100.00% at 1 mg/mL) and the IC 50 values ranging from 0.123 to 0.850 mg/mL compared to 0.433 mg/mL for gallic acid. A dose dependant curve was obtained for all extracts in the FRAP assay. However, the antioxidant potencies of ascorbic acid and extracts were comparable at low concentrations. The majority of extracts showed the highest value of antioxidant activity, based on TAC test (0.073 -0.398 mg ascorbic acid / mg extract). Conclusion: The results indicate that Z. lotus roots could be an important sources of natural antioxidants.
INTRODUCTION
The medicinal plants are largely used either for the prevention, or for the curative treatment of several diseases. Among the properties behind these virtues, the antioxidant activity holds a place of first order [1] [2] . Many of the medicinal plants contain a broad spectrum of phytochemical substances which are sources of natural antioxidants such as α-tochopherol, phenolic acids, flavonoids and tannins. In addition to their antioxidant activities, these compounds have other biological properties like anti -inflammatory, antimicrobial and anti -cancer activities [3] . The use of these natural substances is not limited to the therapeutic field but also with the industrial field because they are more preferred instead of using of synthetic antioxidants such as Butylated -hydroxytoluene (BHT), Butylated -hydroxyanisol (BHA) and propyl gallate (PG) [4] . Today, the identification of new sources of natural substances is one of the most active fields of research in the world. Ziziphus (family Rhamnaceae) is widespread in tropical and sub-tropical regions: Asia, Africa, North America, South America, Oceania and Europe with the center of diversity in Asia [5] . The North African species of the genus Ziziphus are known with the vernacular names 'sedra', 'addhal', 'roubaidh', 'dhou achaouk', 'sder alberri' and 'çder nabga' and are used in the traditional therapeutic [6, 7] . Ziziphus lotus (L.) Desf. is known in Algeria as 'sedra', the fruits and the leaves are used as emollient [8] and in the treatment of diarrhea and intestinal diseases [7] . Cyclopeptides alkaloids [9] [10] [11] , dammarane saponins [12, 13] , and a new flavonol glycoside [14] have been isolated from this plant. In addition, the anti -inflammatory, the analgesic, anti -ulcerogenic and the anti -spasmodic activities of this plant were demonstrated in rodents [15] [16] [17] [18] . In the view of the traditional use and the chemical composition of Z. lotus, the present study was carried out to examine the possible antioxidant activity in -vitro of some secondary metabolites: polyphenols, flavonoids and tannins of Z. lotus roots. The antioxidative properties were evaluated by the 2, 2-Diphenyl-1-picrylhydrazyl radical scavenging assay (DPPH), the β-Carotene Bleaching method (BCB), the Ferric Reducing Antioxidant Power assay (FRAP) and the determination of Total Antioxidant Capacity test (TAC). The results were compared with antioxidant standards. This work lies within the scope of continuation of the published works describing some of biologically active extracts from Algerian Z. lotus [19, 20] . To the best of our knowledge, the antioxidant properties of the extracts from Z. lotus using the β-Carotene Bleaching method (BCB) and Total Antioxidant Capacity test (TAC) have not been studied.
MATERIALS AND METHODS

Plant material
The roots of Z. lotus were collected from Zarifet, a region near Tlemcen city in the West Northern of Algeria (1100 m, 34°50'49"N, 01°21'45"W), in October 2011.
Botanical identification of plant was conducted by Prof. Noury BENABADJI, Laboratory of Ecology and Ecosystem Management, Department of Biology, University of Tlemcen, Algeria. A voucher specimen has been deposited in the same Department.
Before extraction, the fresh roots were extended by ground, in one layer, in an open room protected from the sun. During drying time, plants were turned over to allow homogeneous drying. After drying, the roots were cut to obtain the fine smithereens, which were used for extractions.
Preparation of plant extracts
Polyphenols extraction
The dried plant materials (10 g) were ground and defatted with n-Hexane (Soxhlet extraction). The defatted powdered plant materials (roots) were extracted with a mixture of acetone -water (100 mL, 70/30, v/v) by maceration at room temperature for 24 hours [21] . Then the extract was filtered through whatman filter paper under vacuum and concentrated to dryness under reduced pressure at 45°C using an evaporator. The extract (total polyphenol extracts of roots : PolyR) was stored at 4°C and afterward, used for further investigation (antioxidant activity).
Flavonoids extraction
The dried plant materials (10 g of roots) were extracted with 400 mL of mixture MeOH -Water (70/30, v/v) by maceration at room temperature for 24 hours [22] . After filtration through whatman filter paper, the MeOH of resultant hydroalcoholic extract was evaporated at 40°C under reduced pressure and affording the aqueous extract. Subsequently, the aqueous extract was then fractionated by solvent -solvent extraction, first with ethyl acetate and then with n-butanol, using a separating funnel (Pyrex). Two fractions of flavonoids, namely ethyl acetate rich fraction (EAR) and n-butanol rich fraction (ButR), were obtained. All the fractions were concentrated and dried to a constant weight in a vacuum oven at 45°C. These fractions were then subjected to the antioxidant activity evaluation. The fractions were kept at 4°C when not in use.
Tannins extraction
Powdered materials (10 g of roots) were extracted in refrigerator at 4 °C using 200 mL of a mixture of acetone -water (35/15, v/v) for 3 days [23] . The extract was filtered under vacuum through filter paper and acetone was evaporated at 40°C under reduced pressure. Subsequently, the dichloromethane (2 x 60 mL) was used for the extraction of lipids and pigments from the aqueous extract using a separating funnel. Afterward, the aqueous phase was extracted with ethyl acetate, this process was repeated 4 times. After filtration, the organic phase (ethyl acetate) containing tannins was recovered and concentrated to dryness under vacuum at 40 °C using a rotary evaporator. The residue obtained (TR) after rotary evaporation was kept in glass vials and stored in a refrigerator. Portions were taken from the refrigerator to be used for each of the experiments below.
Total phenolic content determination
The quantitative determination of total phenolic content using Folin-Ciocalteu (F-C) reagent involves oxidation in alkaline solution of phenols by the yellow molybdotungstophosphoric heteropolyanion reagent and colorimetric measurement of the resultant molybdotungstophosphate blue according to the method of Singleton and Rossi and modified by Dogÿan et al [24, 25] . The polyphenol fraction (extract corresponding to 1 g of dry plant material) was dissolved in 5 mL of double distilled water. An aliquot of 100 μL of this solution was diluted with double distilled water to 3 mL. Afterward, the obtained solution was added to 300 μL of double distilled water and 500 μL of the F-C reagent. After shaking, the mixture was incubated for 3 min at room temperature. Then 2000 μL of 20 % Na 2 CO 3 solution was added. The volume obtained was mixed vigorously, and held for 60 min in the dark at ambiant temperature. The absorbance of the solution was then measured at 650 nm against a blank in a spectrophotometer (UV/ VIS Spectrophotometer OPTIZEN POP). The sample was analysed in triplicate and the average content was noted for each measure. The total phenolic content, expressed as mg of pyrrocatechol (PE) equivalents per g of dry weight (DW) of plant material (mg PE/g DW), was calculated through the calibration curve obtained using the equation given bellow : Absorbance = 0.0828 x C, R 2 = 0.999 where C was the concentration (mg/L).
Total flavonoid content determination
The total flavonoid was measured by the colorimetric assay developped by Zhishen et al. [26] 1 mL aliquot of appropriately diluted sample (polyphenol extract corresponding to 1 g of dry plant material which was dissolved in 5 mL of methanol) or standard methanolic solution of catechin (at different concentrations) was added to 10 mL volumetric flask containing 4 mL double distilled H 2 O. At zero time, 0.3 mL of NaNO 2 (5 %) was added to the flask. After 5 min, 0.3 mL of AlCl 3 (10 %) was added. At 6 min, 2 mL of NaOH (1M) was added to the mixture. Immediately, the reaction flask was diluted to volume (10 mL) with the addition of double distilled H 2 O and thoroughly mixed. Absorbance of the mixture -pink color -was determined at 510 nm compared to control water. The sample was analysed in triplicate and the average content was noted for each measure. The total flavonoid extracts were expressed as mg of catechin (CE) equivalents per g of dry weight of plant material (mg CE / g DW). For catechin, the curve absorbance versus concentration C (mg/L) was described by the equation : Absorbance = 1.340 x C + 0.117, R 2 = 0.9950
Total condensed tannin content determination
The proanthocyannidins were determined by spectrophotometer method [27, 28] . This method relies on the reaction with vanillin under acidic conditions. A 2 mL aliquot of a freshly prepared solution of vanillin in methanol (1 %) in 70 % sulfuric acid was added to 1 mL of suitably diluted sample (polyphenol extract corresponding to 1 g of dry plant material). The mixture was incubated in 20°C -water bath and after exactly 15 min, the absorbance at 500 nm was measured against a proper blank in a spectrophotometer. The assay was performed in triplicate and the average content was noted for each measure. The concentration of proanthocyannidins (%) was expressed as cyanidin (CA) equivalents by the following formula:
-2 x A 500 x V x DF)/P
Where A 500 was the absorbance at 500 nm ; DF = the dilution factor ; V = the volume of extract (mL) ; P = the dry weight of plant material (g).
Antioxidant activity evaluation DPPH (2,2-Diphenyl-1-Picrylhydrazyl) radical scavenging assay
The hydrogen atoms or electron donating ability of the corresponding extracts was determined from the bleaching of purple colored ethanol solution of DPPH. This spectrophotometric assay uses the stable radical DPPH (2,2-Diphenyl-1-picrylhydrazyl) as a reagent [29, 30] . Radical scavenging activity of extracts was measured by slightly modified method of Mighri et al. and Braca et al. as described below [31, 32] . Different concentrations of each extract were prepared in ethanol: 0.1 -1 mg/mL. A solution of DPPH in ethanol (25 μg/mL) was prepared and 2 mL of this solution was added to 50 μL of extract solution in ethanol at different concentrations (0.1 -1 mg/ mL). The solution of DPPH was prepared daily before measurements. The sample solutions were shaken vigorously and left standing at room temperature for 60 min in the dark. Then the absorbance was measured at 517 nm against ethanol. The blank sample was used as 2 mL of DPPH solution (25 μg/mL in ethanol) with 50 μL of ethanol. Decreasing of the absorbance of the DPPH solution indicates an increase in DPPH radical scavenging activity (% of inhibition). This activity is given as percent DPPH radical scavenging, which is calculated with the following equation:
% DPPH radical scavenging = [(A 0 -A t )/A 0 ] x 100
A 0 : Absorbance of blank;
A t : Absorbance of tested sample solution at the time t.
The experiment was performed in triplicate and the average absorbance was noted for each measure. The same procedure was followed for the positive control: ascorbic acid (AA), gallic acid (GA), tannic acid (TA) and BHA. Ethanol was used for baseline correction. The free radical scavenging activity is usually expressed as percentage of DPPH inhibition but also by the antioxidant concentration required for 50% DPPH reduction (IC 50 ). Basically, a higher DPPH radical scavenging activity is associated with a lower IC 50 value.
IC 50 value was determined from plotted graph of scavenging activity against the different concentrations of Z. lotus roots extracts, AA, GA, TA and BHA. The scavenging activity was expressed by the percentage of DPPH reduction after 60 min of reaction.
β-Carotene Bleaching assay (BCB)
The β-carotene bleaching method is based on the loss of the yellow colour of β-carotene due to its reaction with radicals formed by linoleic acid oxidation in an emulsion. The rate of β-carotene bleaching can be slowed down in the presence of antioxidants [33] . A modified method described by Koleva et al. was used [34] . β-Carotene (2 mg) was dissolved in 20 mL of chloroform and to 4 mL of this solution, linoleic acid (40 mg) and Tween 40 (400 mg) were added. Chloroform was evaporated under vacuum at 40
• C and 100 mL of oxygenated ultra-pure water was added, then the emulsion was vigorously shaken. Reference compounds and sample extracts were prepared in methanol. The emulsion (3 mL) was added to a tube containing 0.2 mL of extracts. The absorbance was immediately measured at 470 nm and the test emulsion was incubated in a water bath at 50 •C for 120 min, when the absorbance was measured again. GA and BHA were used as positive control. In the negative control, the extract was substituted with an equal volume of methanol. The antioxidant activity (%) of the extracts was evaluated in terms of the bleaching of the β-carotene using the following formula:
% Inhibition = [(A t -C t )/ (C 0 -C t )] x 100
where A t and C t are the absorbance values measured for the test sample and control, respectively, after incubation for 120 min, and C 0 is the absorbance values for the control measured at zero time during the incubation. The results are expressed as IC 50 values (mg/mL), the concentration required to 50% β-carotene bleaching inhibition. Tests were carried out in triplicate.
Ferric Reducing Antioxidant Power assay (FRAP)
The reducing power assay was conducted as previously described by Wang et al. and Oyaizu with AA and BHA being used as the positive controls [35, 36] . In brief, 2.5 mL of individual deionized water diluted Z. lotus extract (ranged from 0.1 to 1 mg/mL) was sequentially mixed with equal volume of phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and potassium ferricyanide (2.5 mL, 1% w/v ). After incubation at 50°C for 20 min, 2.5 mL of trichloroacetic acid (10 % w/v) was then added to the mixture followed by centrifuging at 3000 rpm for 10 min. Consequently, 5 mL of the upper layer was mixed with 2.5 mL of distilled water and 0.5 mL of ferric chloride (0.1 % w/v). After 30 min of incubation at room temperature in the dark, absorbance of the resulting solution was measured at 700 nm. The ferric reducing power capacities of the plant extracts and standard antioxidants were expressed graphically by plotting absorbance against concentration. Samples for the assay were prepared in triplicate.
Determination of Total Antioxidant Capacity (TAC)
The assay is based on the reduction of Mo (VI) to Mo (V) by the extract and subsequent formation of a green phosphate/Mo(V) complex at acid pH and determined by the method described by Prieto et al. [37] and Dasgupta and De [38] . Aqueous extract (0.3 mL) was added to 3 mL of reagent solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes were incubated at 95 °C for 90 min. After the mixture had cooled to room temperature, the absorbance of the solution was measured at 695 nm against a blank. The antioxidant activity was expressed as the number of equivalents of ascorbic acid.
Statistical Analysis
Data are expressed as mean ± SD. Statistical analysis was carried out using STATISTICA, version 4.1 (Statsoft, Paris, France). Multiple comparisons were performed using ANOVA followed by the LSD (least significant difference) test. P<0.05 was considered to represent significant statistical differences.
RESULTS AND DISCUSSION
The percentage yield of extraction of Z. lotus roots
Extraction results for roots of Z. lotus are shown in Table  1 . According to the results obtained, the yields (w/w) of total polyphenol extract (13.9 %) was more important than of tannin extracts (5.5 %) and flavonoid extracts (ethyl acetate flavonoids : 1.8 % / butanol flavonoids : 1.1 %). This result can be explained by the fact that polyphenol extracts contain flavonoids, tannins and others chemical compounds like: phenolic acids, coumarins and constituents which have solubility in extraction solvents used. Finally, the presence of phenolic compounds (flavonoids, tannins, others phenolic compounds) in the roots of Z. lotus, indicates that this plant may have the ability as an antioxidant agent. [39, 40] . Phenolic compounds are widely distributed in plants [41] , which have gained much attention, due to their antioxidant activities and free radical scavenging abilities, which potentially have beneficial implications for human health [41, 42] . For that, total phenolic, flavonoid and proanthocyannidin contents of acetone -water (70/30, v/v) extract from roots of Z. lotus (total polyphenol extract) were assessed. Principal results showed (Table 2) that Z. lotus extract exhibited a significant amount of polyphenol content (20.09 mg PE/g DW), followed by proanthocyannidins (1.56 % :15.6 mg CA/g DW) and flavonoids (0.02 mg CE/g DW).
Although phenolic compounds are found in virtually all plants and plant parts, their quantitative distribution varies between and within plant species, and between different organs in a plant [43] . Plants with high levels of phenolic compounds have been shown to exhibit high antioxidant capacity [44] . Most of the antioxidant potential of medicinal plants is due to the redox properties of phenolic compounds, which enable them to act as reducing agents, hydrogen donors and singlet oxygen scavengers [45] . Flavonoids have been reported to be responsible for antioxidant activity [46] . The antioxidant, anti -inflammatory, antifungal and healing properties of some plant extracts have been attributed to the presence of tannins [47] . 
Antioxidant activity evaluation
Several methods have been used to determine antioxidant activity of Z. lotus. Our present study therefore involve four various established methods to evaluate antioxidative activity of root extracts, namely, DPPH radical scavenging activity, β-carotene bleaching assay (BCB), ferric reducing antioxidant power assay (FRAP) and total antioxidant capacity test (TAC). The results obtained from each analysis are considered below (Tables 3, 4 , 5 and Figure 1 ). The activities were compared to the synthetic antioxidant: AA, GA, TA and BHA which were used as antioxidant references.
DPPH (Diphenyl-1-picrylhydrazyl) free radical scavenging assay
DPPH is a free radical compound and has been widely used to test the free radical scavenging ability of various samples [48] . It is a stable free radical with a characteristic absorption at 517 nm, was used to study the radical scavenging effects of extracts. As antioxidants donate protons to this radical, the absorption decreases. To evaluate the scavenging effects of DPPH of extracts of roots of Z. lotus, DPPH inhibition was investigated. These results are shown as relative activities against AA, GA, TA and BHA (Table 3 ). The best percentages of antioxidant activities were observed at 1 mg/mL, ButR extract (94.730 ± 0.056 %) and the synthetic antioxidants TA (94.130 ± 0.141 %), GA (93.760 ± 0.077 %) and AA (93.160 ± 0.552 %) indicating an excellent antioxidant activities on radical, followed by BHA (79.350 ± 0.120 %) and TR extract (77.575 ± 0.077 %). EAR (66.650 ± 0.296 %) and PolyR (58.535 ± 0.120 %) extracts had lower antioxidant activities and had possessed the lowest DPPH scavenging activities.
Antioxidants, on interaction with DPPH, either transfer an electron or hydrogen atom to DPPH, thus neutraliz- Results are expressed in mean ± SD (n=3) Results are expressed in mean ± SD (n=3) Results are expressed in mean ± SD ing its free radical character [49] . The colour changes from purple to yellow and its absorbance at wavelength 517 nm decreases. For these extracts: polyphenol, flavonoid and tannin fractions, the antioxidant capacity was dependent on the concentrations tested. As shown in Table 3 , the antioxidant activity increased with the increase of their concentrations from 0.1 to 1 mg/mL after 60 min of incubation time at room temperature. We can conclude that the antioxidant activity depends to the concentration of sample, chemical composition of the extracts, the position of the CH 3 groups and the position of the OH groups on the benzene ring.
IC 50 values (concentration of sample required to scavenge 50% free radical) were found to be the least in GA (0.110±0.014 mg/mL), followed by ButR (0.211±0.017 mg/mL), BHA (0.214±0.004 mg/mL), TA (0.214±0.019 mg/mL) and TR (0.225±0.002 mg/mL). EAR (0.611±0.072 mg/mL) and PolyR (0.816± 0.007 mg/mL) also showed good activity compared to AA (0.413±0.041 mg/mL). Tables 1, 2 showed that the roots of Z. lotus were markedly rich in phenolic compounds (polyphenols, tannins and other phenolic compounds) which may act as radical scavenging agents. Furthermore, some researchers showed that plant phenolic compounds have been found to possess potent antioxidant effects [50] . In addition, the flavonoids from plant extracts have been found to possess antioxidative properties in various studies [51] . The significant antioxidant activity of Z. lotus may be due to strong occurrence of polyphenol compounds (flavonoids, tannins, phenols…). Antioxidant activities of extracts from plants are mainly attributed to the compounds present in them. This can be due to the high percentage of main constituents or families of compounds, but also to the presence of others constituents or families of compounds in small quantities or to synergy among them.
According to the results of the study of Rached et al., the root methanolic extract of Z. lotus, exhibits moderate activity (9.14 ± 0.72 µg/mL) when compared to BHA used as a positive control (4.15 ± 0.25µg/mL) [52] . This result indicated that root extracts of Z. lotus have significantly strong antioxidant power.
β-Carotene Bleaching assay (BCB)
To the best of our knowledge, there are no available reports on the evaluation of antioxidant activity of Z. lotus using the β-Carotene bleaching assay (BCB). In the BCB assay, linoleic acid produces hydroperoxides as free radicals during incubation at 50°C. Linoleic acid hydroperoxides attack the β-carotene molecule and, as a result, it undergoes rapid decolorization. The corresponding decrease in absorbance can be monitored spectrophotometrically. The presence of antioxidants in the extract will minimize the oxidation of β-carotene by hydroperoxides. Hydroperoxides formed in this system will be neutralized by the antioxidants from the extracts. In this study, we evaluated the antioxidant activity of Z. lotus root extracts by the β-carotene linoleate bleaching method because β-carotene shows strong biological activity and is a physiologically important compound [53, 54] . Thus, the degradation rate of β-carotene linoleate depends on the antioxidant activity of the extracts. There was a correlation between degradation rate and the bleaching of β-carotene; the extract with the lowest β-carotene degradation rate exhibited the highest antioxidant activity. The results obtained at different concentrations: 0.1 -1 mg/mL are given in Table 4 . These results are shown as relative activities against GA and BHA. The results showed that the inhibitory activity of the most samples was higher than 50% at 1 mg/mL, after 120 min of incubation time at 50°C. It is possible to conclude that the extracts of roots of Z. lotus were able to minimize the oxidation of β-carotene by hydroperoxides. The hydroperoxides formed in this system will be neutralized by the antioxidants from the extracts that is the principle of this method for the determination of antioxidant activity.
The best percentages of antioxidant activities at 1 mg/ mL, were observed for the PolyR extract (100.000 ± 0.113%), the synthetic antioxidant BHA (80.745 ± 0.106 %) and TR extract (73,374 ± 0.274 %) (Table 4) ing an excellent antioxidant activities. GA (64.470 ± 0.082 %) and ButR extract (60,210 ± 0.296 %) possessed good activity. EAR extract (55,550 ± 0.113 %) had lower antioxidant activity and had possessed the lowest percentage of inhibition.
The β-Carotene bleaching activity is usually expressed as percentage of inhibition but also by the antioxidant concentration required to 50% β-carotene bleaching inhibition. Basically, a higher percentage of inhibition is associated with a lower IC 50 value.
The results show that BHA (0.044±0.002 mg/mL) was the most potent of all the samples, followed by TR (0.123±0.002 mg/mL). PolyR (0.175±0.002 mg/ mL) showed similar activity to TR. The latters showed better activities than GA (0.433±0.001 mg/mL). ButR (0.501±0.001 mg/mL) also showed good activity compared to GA (0.433±0.001 mg/mL), while EAR (0.850±0.002 mg/mL) exhibits weak activity.
Ferric Reducing Antioxidant Power assay (FRAP)
The ferric reducing antioxidant power (FRAP) assay measures the reducing ability of antioxidants against the oxidative effects of reactive oxygen species. Electron donating antioxidants can be described as reductants and inactivation of oxidants by reductants can be described as redox reactions. This assay is based on the ability of antioxidants to reduce the ferric form (Fe 3+ ) to the ferrous form (Fe 2+ ). Prussian blue colored complex is formed by adding FeCl 3 to the ferrous (Fe 2+ ) form. Therefore, reduction can be determined by measuring the formation of Perl's Prussian blue at 700 nm [55, 56] . In this assay, yellow color of the test solution changes to green or blue color depending on the reducing power of antioxidant samples. A higher absorbance indicates a higher ferric reducing power.
Increasing absorbance indicates an increase in reductive ability. Figure 1 presents the dose dependent ferric reducing powers of the sample extracts of Z lotus, AA and BHA. The reducing power of all the sample extracts, AA and BHA increased with increasing concentration. The reducing power of BHA was significantly more pronounced relative to the plant extracts and AA. However, the antioxidant potencies of AA and sample extracts were comparable at low concentrations. TR and PolyR possess the most important activities, while ButR had the lowest one. Generally, the reducing properties are associated with the presence in the roots of Z. lotus, compounds which exert their action by breaking the free radical chain by donating a hydrogen atom [57, 58] . This activity may be due to strong occurrence of polyphenolic compounds such as flavonoids, tannins, phenols…..Due the high content of polyphenols and tannins of roots extracts, these phenolic compounds represent the primary source of this antioxidant activity.
Determination of Total Antioxidant Capacity
In the present study, the antioxidative properties of Z. lotus using the determination of total antioxidant capacity test were evaluated for the first time. Total antioxidant capacity of roots of Z. lotus is expressed as number of equivalents of ascorbic acid ( Table 5 ). The assay is based on the reduction of Mo(VI) to Mo(V) by the extract and subsequent formation of a green phosphate/Mo(V) complex at acid pH. The phosphomolybdenum method is quantitative since the antioxidant activity is expressed as the number of equivalents of ascorbic acid [37] . TR (0.398 ± 0.105 mg/mg extract) had a higher capacity than had the other extracts, followed by PolyR (0.278 ± 0.007 mg/mg extract) and ButR (ButR (0.135±0.033 mg/ mg extract), while EAR (0,073 ± 0,019 mg/mg extract) exhibits weak activity.
The results from various antioxidant activities revealed that some roots extracts of Z. lotus had significant antioxidant activity. The extracts were found to have different levels of antioxidant activity in the systems tested.
Statistical Analysis
Statistical correlations have been studied between total phenol, flavonoid, tannin contents and antioxidant activity determined by different assays, as shown in Table 6 . Total flavonoid content (TFC) was shown to provide the highest association with TAC assay in the present study (R 2 = 0.87). Similar results were also found between total phenol content (TPC) and BCB assay (R 2 = 0.85) and FRAP test (R 2 = 0.72). This supports the results reported by Guo et al [59] . This result was also in agreement with Benzie and Stezo [60] , who found a strong positive correlation between total phenolic content and FRAP assay. Leontowicz et al. reported a close correlation (R 2 = 0.935) of polyphenol content in extract measured by the FolinCiocalteu method and antioxidant activity determined by β-carotene bleaching assay (BCB) [61] . However, there was no significant correlations between total phenol, flavonoid and tannins contents and DPPH assay in our study. Our results indicated that high DPPH radical scavenging activity could not be due to phenolic compounds in the extracts. This may be due to other complex antioxidant compounds in different fractions rather than phenol content. Sun and Ho reported a significant correlation between total phenolics and scavenging ability of extracts on DPPH radicals [62] . By contrast, other studies found no correlation between scavenging activity and the total phenolic content .
CONCLUSION
Considering the results of the percentage yield of extraction of secondary metabolites (polyphenols, flavonoids and tannins), total phenolic, flavonoid and tannin contents, we can conclude that roots of Z. lotus contained appreciably high level of total phenolic compounds. The most sample extracts (polyphenols, flavonoids and tannins) from this plant also exhibited high antioxidant and free radical scavenging activities, and some even showed higher potency than the standard synthetic antioxidants in some instances.
These findings provide scientific evidence to support traditional medicinal uses and indicate a promising potential for the development of an antioxidant agent from Z. lotus plant. This medicinal plant by in vitro results appears as interesting and promising and may be effective as potential sources of novel antioxidant drugs. 
